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Abstract  Background: Globally, heterosexual transmission within serodiscordant relationships is a significant 
source of new HIV infections. In 2012, there were an estimated 1,350 incident cases of HIV in Cambodia, of which 
37% were between heterosexual couples and 30% among sex workers. In combination with antiretroviral therapy 
(ART), consistent condom use can significantly reduce HIV transmission risk among serodiscordant couples. This 
study explored determinants of inconsistent condom use among serodiscordant couples in Cambodia. Methods: A 
cross-sectional study was conducted in Battambang, Pursat and Takeo provinces in September 2013. A structured 
questionnaire was used to collect data on condom use and other HIV-related risk behaviors from HIV-positive 
partners of 262 serodiscordant couples. A two-stage cluster sampling method was used to randomly select 
participants from a list of serodiscordant couples who were receiving care and support services from community-
based organizations in the selected sites. Multivariate logistic regression analysis was conducted to identify factors 
associated with inconsistent condom use. Results: In total, 239 respondents were included in the analysis with a 
mean age of 41.6 years [standard deviation (SD) = 6.7 years], of whom 60.2% were male and 80.3% were consistent 
condom users. The mean duration of living in the serodiscordant relationship was 13.4 years (SD = 7.8 years). After 
controlling for other covariates, inconsistent condom users were significantly more likely to be female (OR = 2.8; 
95% CI = 1.261, 6.462), to have been living in a shorter HIV serodiscordant relationship (OR = 0.89; 95% CI = 
0.902, 0.998), and to be frequent alcohol users (OR = 2.9; 95% CI = 1.323, 6.483). In addition, inconsistent condom 
users were significantly more likely to agree that ART prevents transmission of HIV (OR = 2.7; 95% CI = 1.344, 
5.443). Conclusions: Gender-sensitive interventions to promote consistent condom use and to mitigate alcohol-
associated risky sexual behaviors, especially unprotected sex, should form part of HIV prevention interventions for 
serodiscordant couples in addition to early ART initiation. Further research is required to explore the role of pre-
exposure prophylaxis among this population. 
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1. Introduction 
HIV globally remains a significant public health issue. 
In 2013, there were approximately 35 million people 
living with HIV (PLHIV), and an estimated 2.1 million 
new infections worldwide [1]. The majority of new HIV 
infections are acquired through unprotected sexual 
contacts, with heterosexual transmission accounting for a 
large portion of incident cases [2,3]. As a result, research 
focusing on serodiscordant couples, where one partner is 
HIV positive and the other is HIV negative, has been an 
important means of gaining insights into HIV transmission 
dynamics in the heterosexual context [3]. One of the most 
prominent studies is the HIV Prevention Trials Network’s 
randomized clinical trial (HPTN 052) conducted between 
2005 and 2010 [4]. Findings from the study indicated that 
provision of antiretroviral therapy (ART) to HIV-positive 
partners with a CD4 count of between 350 and 550 
cells/mm3 decreased HIV transmission to their uninfected 
partners by up to 96% [5]. 
However, even with access to ART, HIV can still be 
transmitted through sexual intercourse [6], partly because 
of sub-optimal ART adherence [7], as well as transient 
presence of HIV in genital fluids even with good 
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adherence; for example, due to co-infection with sexually 
transmitted infections (STIs) [6]. All of these factors place 
the uninfected individuals in a serodiscordant relationship 
at a greater risk of HIV acquisition during unprotected 
sexual intercourse with their HIV-positive partners. To 
date, ART alone, even with early initiation, has not been 
shown to reduce HIV transmission to uninfected 
individuals within serodiscordant couples by 100% [5]. 
Consequently, other prevention options, such as 
consistent condom use in combination with ART, are 
critical in further reducing HIV transmission, especially in 
heterosexual serodiscordant couples [8]. Used correctly, 
latex condoms provide an impermeable barrier to HIV and 
other STIs [8]. A study among serodiscordant couples in 
China showed that the effectiveness of HIV prevention is 
increased if ART is applied in combination with 
consistent condom use [9]. Among serodiscordant couples, 
consistent condom use with ART could reduce the one-
year cumulative probability of HIV transmission to 0.05%, 
and the 10-year cumulative probability of HIV 
transmission to 0.5%, making it a more effective way to 
prevent HIV transmission than using either one alone [2]. 
Therefore, understanding and increasing the extent of 
condom use among serodiscordant couples are essential 
for overall reduction in the incidence of HIV. 
In Cambodia, an estimated number of 1,350 new HIV 
infections occurred in 2012, of which 37% were between 
heterosexual couples [10]. This incidence rate was higher 
than the 30% reported among sex workers in the same 
year [10]. Recently, Cambodia 3.0, a national framework 
to eliminate new HIV infections by 2020 in line with the 
global Three Zeros goal, was unveiled [11]. Given a large 
number of HIV-infected heterosexual individuals are in 
serodiscordant relationships, decreasing HIV transmission 
among this population is essential if the Cambodia 3.0 
goal is to be achieved. 
Despite the huge benefits of consistent condom use in 
preventing HIV transmission among serodiscordant 
couples, there is limited documentation in the Cambodian 
context. Therefore, this study aims to explore determining 
factors of inconsistent condom use among serodiscordant 
couples in Cambodia. 
2. Methods 
2.1. Study Sites 
A cross-sectional survey was conducted among 262 
serodiscordant couples in September 2013 in Battambang, 
Pursat and Takeo provinces. These provinces were 
selected because they contained a large proportion of 
serodiscordant couples; that is, 37% of the total 
serodiscordant couples receiving KHANA services 
throughout Cambodia. 
2.2. Study Population and Sampling 
Participants recruited for this study were HIV-positive 
partners of serodiscordant couples who were at least 18 
years of age, receiving care and treatment services from 
the community-based care and support programs, and able 
to provide informed consent to participate in the study. 
Based on a 95% confidence level (CI) and a + 5% margin 
of error, the required minimum sample size for this study 
was 235. In order to determine the number of participants 
needed from each province, the probability proportional to 
size sampling method was used to select serodiscordant 
couples from the total of 606 serodiscordant couples 
residing in the three provinces. A two-stage cluster 
sampling was used, with health center catchment area as 
clusters at the first stage. At the second stage, a list of 
serodiscordant couples in each selected health center was 
generated, and one HIV-positive individual from each 
serodiscordant couple was randomly selected until the 
required number for each province was achieved. 
2.3. Questionnaire Development 
A structured questionnaire was developed based on the 
existing tools adapted from previous studies [12,13,14]. 
The questionnaire was initially developed in English, 
translated into Khmer, and then pretested to ensure that 
the wording and contents were culturally suitable, 
acceptable and easily understood by study participants. 
The questionnaire was piloted among 10 participants from 
serodiscordant couples in Phnom Penh, following which 
the tool was revised. Participants in the pretest were not 
included in the main study.  
2.4. Variables and Measurements 
The socio-demographic data collected included age, 
gender, formal education, average weekly income, marital 
status, duration of relationship, and number of children. 
Health-related questions collected information on CD4 
count, ART adherence, and perception of effectiveness of 
ART in preventing HIV transmission. A new variable was 
generated to gauge ART adherence by eliciting 
information on ART from the questionnaire. Participants 
were classified as “ART adherent” if they reported taking 
all medicines as instructed, without missing any doses in 
the past month. In terms of risk behaviors, alcohol 
consumption was measured using a question, “How much 
do you drink alcohol?” If a respondent answered, “Drink a 
lot of the time or sometimes”, they were classified as a 
“frequent alcohol drinker”, and if they answered “rarely or 
do not drink”, they were classified as an “infrequent 
alcohol drinker.” Perception of ART in preventing HIV 
transmission was assessed by a response “agree or 
disagree” to a statement, “Taking ART prevents 
transmission of HIV to a sexual partner.” We used a 
question, “How often did you use condoms with your 
sexual partners in the past year?” to assess condom use, 
with response options of “always, often, rarely or never.” 
Only respondents who answered “always” were classified 
as “consistent condom users,” while those who answered 
“often, rarely or never” were defined as “inconsistent 
condom users.” Subjects who reported not having had sex 
in the past year were excluded from this analysis. 
2.5. Data Collection 
Prior to data collection, all research team members 
were trained on tool and data collection techniques, tool 
pretesting and reflection, interview skills, data entry, and 
confidentiality. Interviews were conducted face to face at 
a private location of respondents’ choice and were gender 
matched. All sessions were conducted in Khmer language 
and lasted for an average of 25 minutes. 
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2.6. Data entry and Analyses 
Data were coded continuously or categorically according 
to the nature of the variables and entered into a computerized 
database using EpiData version 3 (Odense, Denmark). 
Double data entry was performed to eliminate data entry 
errors. The final dataset was then transferred to STATA 
version 12 (College Station, TX), where all analyses were 
performed. The descriptive statistical analyses were used 
to calculate frequency distribution of responses for ordinal 
and categorical variables and means and standard deviations 
(SD) for continuous variables. Bivariate analyses were 
performed to compare characteristics of consistent and 
inconsistent condom users. Student’s t-test was used for 
continuous variables, and a Chi-square test or Fisher’s exact 
test was used as appropriate for categorical variables. A 
multivariate logistic regression model was constructed to 
investigate an independent association between inconsistent 
condom use and associated factors, controlling for potential 
confounders. Variables included in the model for the 
multivariate analysis were age and those found to be 
significantly associated with inconsistent condom use in 
the bivariate analyses, which comprised gender, duration 
of living in the serodiscordant relationship, CD4 count, alcohol 
consumption, and perception of the effectiveness of ART. 
Although ART adherence was found to be significantly 
associated with inconsistent condom use in the bivariate analyses, 
it was withdrawn from the multivariate model because only 
two respondents were categorized as “ART non-adherent.” 
2.7. Ethical Considerations 
This study was approved by the National Ethics 
Committee for Health Research (NECHR), Ministry of 
Health, Cambodia (Ref no. 0173 NECHR). Participation 
in this study was voluntary, and all participants were 
informed of their rights to initially refuse or discontinue 
their participation in the study at any time without any 
consequence. Informed consent was obtained from each 
study participant before the interview. In order to protect 
informant confidentiality, none of the records contained 
any personally identifiable information. 
3. Results 
3.1. Characteristics of Respondents 
Table 1 shows characteristics of the respondents. In 
total, 239 participants were included in the analysis. 
Participants’ age ranged from 25 to 58 years, with a mean 
of 41.6 years (SD=6.7 years). Of the total, 144 (60.2%) 
were male. The average duration of schooling was 
approximately five years (SD=3.8 years), with a wide 
range from no schooling to 17 years of schooling. The 
majority of respondents were married or living together 
with a partner (86.5%), with the mean number of children 
being two (SD=1.3). The mean duration of living in a 
serodiscordant relationship was 13.4 years (SD=7.8). On 
average, the study respondents earned 27.8 US dollars per 
week (SD=55.7). Of the total, 60 (25.1%) participants 
were frequent alcohol drinkers, and almost all of them 
(99.2%) adhered to ART. Regarding their perception of 
the effectiveness of ART, 95 (39.7%) respondents 
believed that ART could prevent HIV transmission. The 
majority (80.3%) used condoms consistently. 
Table 1. Characteristics of serodiscordant couples (n=239) 
Variables n (%) 
Age (in years, ± SD) 41.6 (6.7) 
Sex  
Male 144 (60.2) 
Female 95 (39.8) 
Formal education (in years, ± SD) 5.0 (3.8) 
Weekly income (in USD, ± SD) 27.8 (55.7) 
Marital status (n=237)  
Married and living together 205 (86.5) 
Married and not living together 12 (5.1) 
Not married but cohabitating 20 (8.4) 
Duration of living in serodiscrodnt relationship (in years, ± SD) 13.4 (7.8) 
Number of children (in persons, ± SD) 1.9 (1.3) 
Frequent alcohol consumption 60 (25.1) 
CD4 count (cells/mm3) 448.15 (252.1) 
ART adherent 237 (99.2) 
Agreed that ART prevents transmission of HIV to HIV-negative partner 95 (39.7) 
Consistent condom users 192 (80.3) 
Abbreviations: ART, antiretroviral treatment; SD, standard deviation; USD, United States dollar. 
3.2. Bivariate Associations 
Table 2 shows comparisons of socioeconomic 
characteristics and health status between consistent and 
inconsistent condom users. Inconsistent condom users 
were significantly more likely to be female compared to 
consistent users (53.2% versus 36.5%, p=0.03). 
Inconsistent condom users had a significantly shorter 
duration of living in a serodiscordant relationship (11.1 
years versus 13.9 years; p=0.02) and were significantly 
more likely to be frequent alcohol users (38.3% versus 
21.9%, p=0.02) compared to consistent condom users. The 
ART adherence rate was high in both groups, and it was 
significantly higher among consistent condom users 
(95.7% versus 100%, p=0.004). Self-reported CD4 count 
was significantly lower among inconsistent condom users 
(381.4 cells/ mm3 versus 464.4 cells/ mm3, p=0.04). When 
asked about the effectiveness of ART, inconsistent 
condom users were significantly more likely to believe 
that ART could prevent HIV transmission to their partners 
(59.6%). 
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Table 2. Comparisons of socioeconomic characteristics and health status between consistent and inconsistent condom users  
Variables Inconsistent condom users (n=47) Consistent condom users (n=192)  
 Mean (SD) or n (%) p-value* 
Age (years) 41.1 (7.2) 41.7 (6.6) 0.53 
Sex   0.03 
Male 22 (46.8) 122 (63.5)  
Female 25 (53.2) 70 (36.5)  
Formal education (years) 4.7 (3.6) 5.1 (3.8) 0.60 
Weekly income (USD) 18.9 (19.6) 28.9 (61.2) 0.27 
Marital status   0.19 
Married and living together 36 (78.3) 169 (88.5)  
Married and not living together 4 (8.7) 8 (4.2)  
Not married but cohabitating 6 (13.0) 14 (7.3)  
Duration of living in serodiscordant 
relationship (years) 11.1 (7.4) 13.9 (7.8) 0.02 
Number of children 1.6 (1.2) 1.9 (1.3) 0.16 
Frequent alcohol consumption 18.0 (38.3) 42.0 (21.9) 0.02 
CD4 count (cells/mm3) 381.4 (262.9) 464.4 (247.3) 0.04 
ART adherence 45 (95.7) 192 (100.0) 0.004 
Agreed that ART prevents HIV transmission 
to HIV-negative partner 28 (59.6) 67 (34.9) 0.002 
Abbreviations: SD, standard deviation; USD, United States dollar. 
* Chi-square or Fisher’s exact test was used as appropriate for categorical variables and Student’s t-test was used for continuous variables.
3.3. Multivariate Analysis 
Table 3 displays the determining factors of inconsistent 
condom use among serodiscordant couples after 
controlling for other covariates in a multivariate logistic 
regression model. Inconsistent condom users remained 
significantly more likely to be female (AOR = 2.8; 95% 
CI = 1.261, 6.462), to have been living in a shorter 
serodiscordant relationship (AOR = 0.9; 95% CI = 0.902, 
0.988), and to be frequent alcohol users (AOR = 2.9; 95% 
CI = 1.323, 6.483). In addition, inconsistent condom users 
were significantly more likely to agree that ART prevents 
HIV transmission to their HIV-negative partners (OR = 
2.7; 95% CI = 1.344, 5.443). 
Table 3. Multivariate logistic regression analysis of inconsistent condom use among serodiscordant couples 
Variable  Adjusted odds ratio 95% CI p-value 
Age (years)  1.1 0.970–1.089 0.35 
Sex     
 Male Reference   
 Female 2.8 1.261–6.462 0.01 
Duration of relationship  0.9 0.902–0.988 0.04 
Frequency of alcohol use     
 Infrequent Reference   
 Frequent 2.9 1.323–6.483 < 0.001 
CD4 count  1.0 0.999–1.002 0.09 
Agreed that ART prevents transmission of HIV to partner     
 No Reference   
 Yes 2.7 1.344–5.443 < 0.001 
Abbreviations: CI, confidence interval; ART, antiretroviral therapy; USD, United States dollar. 
4. Discussion  
This paper provides important findings related to the 
determinants of inconsistent condom use among 
heterosexual serodiscordant couples in Cambodia. 
Specifically, our results from the multivariate logistic 
regression analysis showed that inconsistent condom use 
is related to the gender of the HIV-positive partner, 
duration of living in the serodiscordant relationship, 
frequency of alcohol use, and perception of the 
effectiveness of ART in preventing HIV transmission to 
their partners. 
We found that approximately 80% of the respondents 
reported consistent condom use in the past 12 months, and 
over 99% reported having been adhered to ART in the 
past month. It has been recommended that to suppress 
HIV replication, avoid treatment-resistant variants of the 
virus, and reduce infectiousness, the most forgiving ART 
regimens require at least 85% adherence to the treatment 
[15,16,17]. However, although the rate of consistent 
condom use is relatively high among these serodiscordant 
couples compared to the rate in regular relationships 
among other populations in Cambodia [18,19], room 
remains for improvement in the program implementation 
for the prevention of the transmission to their HIV-
negative partners. 
To succeed, the use of HIV treatment as prevention, or 
so-called test and treat strategies, will require a 
comprehensive approach that encompasses adherence 
support, sexual risk reduction, and the amelioration of risk 
compensation [20]. Studies have shown that even under 
optimal ART adherence, persons with undetectable 
peripheral blood viral loads will be highly infectious in 
their genital secretions when they have co-occurring STIs 
[21], while co-occurring STIs are prevalent among PLHIV 
[22,23] causing HIV shedding in genital fluids [24]. 
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Individuals who are co-infected with HIV and other STIs 
are therefore far more infectious than their blood plasma 
viral load indicates. Moreover, the interplay between 
treatment, viral load, and sexual transmission is further 
complicated by risk compensation; individuals who 
believe they are less infectious take fewer precautions 
against infecting partners [25,26,27]. 
 In contrast to results of previous studies [28,29], we 
found that female HIV-positive partners were significantly 
less likely to report consistent condom use compared to 
male HIV-positive partners. One possible explanation is 
that male HIV-positive partners in serodiscordant couples 
may feel a greater sense of obligation to use condoms in 
order to protect their partners. Another possible 
explanation may be that female HIV-positive partners in 
serodiscordant couples may not feel empowered to insist 
that their partners use a condom for every act of sexual 
intercourse, which is consistent with previous literature 
regarding condom negotiation [30]. This finding suggests 
that female HIV-positive partners in serodiscordant 
couples may require additional support, education, and 
counseling related to sexual risk reduction, including 
efforts to involve and negotiate condom use with their 
HIV-negative male partners. 
Serodiscordant couples were more likely to use 
condoms inconsistently when they had been in a shorter 
serodiscordant relationship, and the consistency of 
condom use increased as the duration of their 
serodiscordant relationship had progressed. This could be 
due to the increased effect of HIV prevention programs 
among PLHIV on ART [31]. It can be reflected that the 
impact of continual exposure to secondary prevention 
messages increases as time progresses.  
Alcohol use is a well-known risk factor for engaging in 
risky sexual behaviors, including inconsistent condom use 
[32]. In this study, frequent alcohol users were more likely 
to report inconsistent condom use after controlling for 
other covariates in the multivariate logistic regression 
model. Based on this finding, intervention is needed 
among serodiscordant couples to mitigate their alcohol use 
and abuse and in particular to reduce alcohol-associated 
risky sexual behaviors, especially unprotected sex.  
A perception that ART could prevent HIV transmission 
to their HIV-negative partners increased the likelihood of 
inconsistent condom use. When people view their risk as 
low or believe that they are protected, they tend to be less 
careful and engage in risky behaviors, including, as this 
study shows, inconsistent condom use. The finding is in 
line with that of a meta-analytic review which concluded 
that the prevalence of unprotected sex increased in people 
who believed that receiving ART protects against 
transmitting HIV [25]. This kind of perception about ART 
promoted inconsistent condom use. Therefore, the 
messages about preventing HIV transmission through 
ART should be carefully delivered in treatment as 
prevention programs, and the importance of consistent 
condom use as part of HIV prevention should be 
highlighted. Additional interventions for HIV-negative 
partners, such as pre-exposure prophylaxis, may also have 
a future role in this context. 
Although it was not possible to be included in the 
multivariate analysis, the bivariate association between 
self-reported ART adherence and the consistency of 
condom use should not be ignored. Participants who 
reported being adhered to ART were less likely to report 
inconsistent condom use. This is not surprising given that 
ART adherence and consistent condom use are positive 
health behaviors, which may reinforce each other or be 
reinforced by similar social factors. Nevertheless, this 
finding suggests that ART non-adherent individuals may 
require broad-based support to help them to comply with 
the treatment, adopt safer sexual practices and, in 
particular, explore individual, social, and structural 
barriers that may prevent both ART adherence and 
consistent condom use, such as lack of disclosure, among 
others.  
There were several limitations in this study that should 
be noted. First, only three provinces in Cambodia were 
chosen as the study sites as it was not possible to draw a 
random sample of serodiscordant couples from all 
provinces in Cambodia. Therefore, the results from this 
study may not be generalizable to serodiscordant couples 
living in other provinces in the country. Second, our 
results relied on self-reported data that could be subject to 
recall biases. The final limitation concerns gender 
representativeness of the data as approximately 60% of the 
study participants were male, while the national data 
indicate that 54% of PLHIV who are on ART are female 
[33]. The oversampling of males may diminish the 
generalizability of the results since factors related to HIV 
risk differ significantly between males and females.  
5. Conclusions 
Gender-sensitive interventions to promote consistent 
condom use and to mitigate alcohol-associated risky 
sexual behaviors among serodiscordant couples should be 
integrated into HIV programs in Cambodia. Focus should 
be on empowering HIV-positive females to insist their 
HIV-negative male partners to use condoms during sexual 
intercourse. Also, educational material about risky sexual 
behaviors, such as unprotected sex, resultant from alcohol 
over-consumption should be promoted among 
serodiscordant couples. These interventions should 
complement early ART initiation for HIV-positive 
partners in stable serodiscordant relationships. Further 
research is required to better estimate the incidence of 
HIV among serodiscordant couples in Cambodia, and to 
explore the potential role of pre-exposure prophylaxis for 
HIV-negative partners among this at-risk population. 
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